ABSTRACT: The Caribbean spiny lobster Panulirus argus is a valuable fishing resource and the trade in frozen lobster tails is an important industry. However, the presence of the pathogenic virus Panulirus argus Virus 1 (PaV1), which causes systemic infection in P. argus and is particularly lethal to juvenile individuals, has not been previously examined in imported/exported lobster products. We used PCR assays to determine the presence of PaV1 in abdominal muscle tissue of 22 frozen P. argus tails exported from Belize to Mexico. Based on their size, the tails belonged to subadult -adult lobsters. Using specific primers targeted for PaV1 resulted in 11 tails showing a specific 499 bp band. The sequence of positive amplified fragments showed a high similarity to PaV1 (95% identity with GenBank accession no. EF206313.1). Although the pathogenicity of PaV1 was not evaluated in the present study, our results provide the first evidence of PaV1 in frozen lobster tails exported in the seafood industry as well as the first molecular evidence of PaV1 in adult lobsters.
INTRODUCTION
Spiny lobsters (Crustacea: Palinuridae) are highly valuable seafood, and the trade in live lobsters and frozen lobster products is an important industry for many countries. Recently, however, the Caribbean spiny lobster Panulirus argus has been affected by a highly pathogenic virus known as Panulirus argus Virus 1 (PaV1) (Shields & Behringer 2004) . PaV1 is an unclassified virus that is infectious and lethal to juvenile P. argus (Shields & Behringer 2004 . PaV1 is a large unenveloped, icosahedral DNA virus with a nucleocapsid of ~187 nm in size that causes systemic infection, as evidenced by selective destruction of hyalinocytes and semigranulocytes, lack of hemolymph coagulation, and irreversible structural damage to the hepatopancreatic tissues (Shields & Behringer 2004 , Li et al. 2008 ). In the laboratory, PaV1 has been transmitted among lobsters by inoculation, contact, and ingestion of infected tissues, and over short distances in the water . Lobsters challenged with PaV1 develop clinical signs of the disease within 30 to 80 d. These signs include lethargy, suppression of molt, a pink discoloration of the clear marks of the exoskeleton, and milky hemolymph (Shields & Behringer 2004 , LozanoÁlvarez et al. 2008 . PaV1 has been reported in wild juvenile P. argus from Florida, Mexico, and the US Virgin Islands (Shields & Behringer 2004 ) and, according to Butler et al. (2008) , outbreaks of PaV1 have resulted in mortalities of juvenile lobsters reared in mariculture research facilities in Florida, the Bahamas, and Belize. Thus, PaV1 appears to be widespread in the Caribbean, and given its high level of pathogenicity, it is considered a serious threat to local lobster fisheries throughout the Caribbean region , Lozano-Álvarez et al. 2008 , Briones-Fourzán et al. 2009 ). Currently, available tools for detecting PaV1 in live lobsters include histological examination and PCR assays (Shields & Behringer 2004 , Montgomery-Fullerton et al. 2007 , Li et al. 2008 , as well as fluorescence in situ hybridization (Li et al. 2006 ) and cell-culture assays (Li & Shields 2007) .
Many Caribbean countries export frozen lobster products to countries around the world. Due to the detrimental effects of PaV1 in Panulirus argus and the paucity of information regarding its infectivity for other species of lobsters and other crustaceans, its presence in imported/exported lobsters warrants investigation. The objective of the present study was to determine the presence of PaV1 in exported frozen tails of P. argus by means of PCR assays (Montgomery-Fullerton et al. 2007 ) and a DNA homology search in GenBank. Of the 3 packages that we received, 2 contained 7 tails each and the other contained 8 tails. After thawing at ambient temperature for 1 h, the tails were sexed by observation of the abdominal appendages (pleopods), which are larger and biramous in females and smaller and uniramous in males. Each tail was extended on a flat surface and measured ventrally to the nearest millimeter from the anterior end of the first abdominal somite to the posterior end of the telson (abdominal length, AL, in mm). The AL was converted to carapace length (CL, mm) using the equations derived by Padilla-Ramos & Briones-Fourzán (1997) The lobster tails were not individually wrapped and the muscle from the first abdominal somite was partially exposed; therefore, we avoided taking samples from this potentially contaminated area. Instead, a portion of muscle was extracted from a depth of ~1 cm from the ventral side of the second or third abdominal somite. All samples were obtained with sterile blades and scissors. To prevent cross-contamination, necropsy tools were rinsed and flame-sterilized using 95% ethanol between sample collections.
MATERIALS AND METHODS

Biological
PCR. DNA was extracted from ~25 mg of muscle tissue from all 22 lobster tails with the Wizard ® genomic DNA purification kit (Promega) according to the manufacturer's protocol. Specific primers for PaV1, 45aF (TTC CAG CCC AGG TAC GTA TC) and 543aR (AAC AGA TTT TCC AGC AGC GT), that amplify a region of 499 bp were used in a 1-step PCR (MontgomeryFullerton et al. 2007 ). All PCR reactions were carried out in a total volume of 25 µl containing ~32.5 ng of DNA, 0.33 µM of each primer, 2.5 mM of MgCl 2 , 1.2× reaction buffer (50 mM KCl, 10 mM Tris-HCl, pH 9.0, 0.1% Triton X-100), 0.4 mM dNTPs mixture (Promega), and 2.5 U of Taq DNA polymerase (BioLabs). The PCR reactions were run on a thermal cycler (Techne TC-312). The cycling conditions were 94°C for 10 min, followed by 30 cycles of 94°C for 30 s, 63°C for 30 s, and 72°C for 1 min, with a final extension of 72°C for 10 min. PCR products were run in a 2% agarose gel electrophoresis with a 100 bp DNA ladder. Bands were visualized using 0.1% ethidium bromide stain on a UV documentation system (MiniBis Pro ® ). To increase the sensitivity of the PCR, 1 µl of the first-round PCR product was used as a template for a second-round PCR (Montgomery-Fullerton et al. 2007) . In all cases ultrapure water and tissue from non-infected lobsters were used as negative controls, whereas DNA from a highly infected lobster (Grade 4 infection) was used as a positive control ). We did not use an internal lobster control for the PCR assays such as amplification of lobsters' beta-actin gene as performed by Hasson et al. (2006) . All PCR analyses were done in triplicate and positive fragments were forward-and reverse-sequenced at the CINVESTAV IPN-Unidad Irapuato. Sequences were checked and aligned using the CLUSTALW option in the MEGA4 software (Tamura et al. 2007 ). Similarity in the consensus sequence was searched in GenBank using the basic local alignment search tool (BLAST) (http://blast.ncbi. nlm.nih.gov).
RESULTS
Eleven of the 22 tails examined belonged to females (129 to 192 mm AL, corresponding to 67.2 to 107.3 mm CL) and 11 belonged to males (130 to 190 mm AL, corresponding to 72.0 to 115.0 mm CL) ( Table 1) . Given their size, these tails belonged to subadult and adult lobsters.
In total, 11 tails tested positive for PaV1 in the PCR assays. In the first round, muscle tissue from 6 tails showed a faint band at 499 bp. In the second round, the same organisms, plus 5 more organisms, showed a stronger band at 499 bp. (Table 1 ). The BLAST analysis of the amplified sequences submitted to GenBank revealed a 95% homology to the genome of PaV1 (accession no.
E206313.1) (Montgomery-Fullerton et al. 2007).
DISCUSSION
Our results provide the first evidence of the presence of PaV1 in exported frozen tails of Panulirus argus lobsters. Of the 22 tails examined, 11 tested positive for PaV1 in PCR assays. Histological examination of preserved tissues originating from live or moribund lobsters is an effective diagnostic tool for detecting PaV1, and the results are usually consistent with those generated by other alternate diagnostic techniques such as PCR (Montgomery-Fullerton et al. 2007 , fluorescence in situ hybridization (Li et al. 2006) , and cell-culture assays (Li & Shields 2007) . In the present study, presumptive Cowdry Type A intranuclear inclusion bodies were detected in 2 frozen tails by routine histology (data not shown), indicating the putative presence of PaV1. However, the interpretation of lesions in histological sections prepared from frozen tissues is presumptive at best (Rajendran et al. 1999) due to post-mortem tissue degeneration and/or freeze-thaw artifact. If histology is performed, putative positive histological findings for PaV1 in frozen lobster tails should be confirmed by one of the other diagnostic methods. The present results show that PCR detection of PaV1 is very reliable.
The PaV1 disease, which was first discovered in Florida, USA, in 1999 (Shields & Behringer 2004) , is currently widespread throughout the Caribbean , Lozano-Álvarez et al. 2008 ). This disease is particularly lethal to juvenile Panulirus argus lobsters, especially to the smaller, early benthic juveniles (EBJ; < 20 mm CL). In lobsters experimentally challenged with PaV1, mortality rates were higher for EBJ than for larger juveniles . Although disease prevalence has been reported to decrease as lobster size increases (Shields & Behringer 2004 , LozanoÁlvarez et al. 2008 , Briones-Fourzán et al. 2009 ), the prevalence of PaV1 in wild adult lobsters, which occupy different habitats than juvenile lobsters, has not been well studied. In Florida, Shields & Behringer (2004) reported a <1% prevalence of individuals with signs of overt infection in a population of subadultadult lobsters. However, to our knowledge, our results provide the first molecular evidence of PaV1 in tails belonging to subadult and adult P. argus lobsters that showed no overt clinical signs of PaV1 infection, contrary to the findings of Shields & Behringer (2004) . This finding is significant because it may indicate that the virus can be present in potentially asymptomatic subadults and adults, which are the only age groups of Caribbean spiny lobsters that are legally exported so as to protect younger stocks from over-fishing. As a result, the potential exists for the spread of the disease to other countries via these animals. In P. argus lobsters infected with PaV1, the earliest sites of infection include the hepatopancreas and heart, which are located in the cephalothorax. In later stages of the infection, cells of the spongy connective tissues supporting the abdominal muscles or surrounding the hindgut also become infected (Li et al. 2008) . However, because PCR assays can detect infections that may not be associated with pathology (Montgomery-Fullerton et al. 2007) , our detection of PaV1 in 50% of the frozen tails that we examined must be assessed with more refined techniques, Previous studies have detected the presence of pathogenic viruses such as infectious hypodermal hematopoietic necrosis virus (IHHNV), white spot syndrome virus (WSSV), yellow head virus (YHV), and Taura syndrome virus (TSV) in frozen products from several shrimp species imported into the USA and Australia (Nunan et al. 1998 , Durand et al. 2000 , Reville et al. 2005 , Hasson et al. 2006 , Ueda et al. 2008 . In some cases the viruses isolated from the frozen products were found to be viable and infectious, leading the researchers to speculate that these diseases could potentially spread to other countries through exports (Nunan et al. 1998 , Durand et al. 2000 , Hasson et al. 2006 . Although this notion was recently challenged due to lack of epidemiological analyses (Flegel 2009 ), it has not been discounted and is still a cause for concern. Similar to most shrimp viruses, PaV1 appears to have a high degree of host specificity and appears to pose little risk to other marine crustaceans ). However, this issue also warrants further investigation.
Our results provide the first evidence of PaV1 in frozen lobster products and the first molecular evidence of PaV1 in subadult and adult Panulirus argus lobsters. Subjects for future study include determination of the viral load in these products and assessing the viability of PaV1 in frozen lobster tails. Such studies would increase our understanding of PaV1 and of the nature of the disease caused by this relatively new pathogen. 
